A Gram-stain-positive, spore-forming, aerobic and filamentous thermoactinomycete, designated GD02 T , was isolated from soil in south China. The isolate could grow in the presence of 0-3.0 % NaCl (w/v), at temperatures of 30-60 6C and at pH 5.5-9.5, forming ivory-coloured colonies. When the 16S rRNA gene sequence of the isolate was compared with those of other bacteria, the highest similarity was observed with Kroppenstedtia eburnea DSM 45196 T (96.1 % 16S rRNA gene sequence similarity). The G+C content of the genomic DNA was 56.3 mol%, the cell-wall peptidoglycan contained LL-diaminopimelic acid, the main polar lipids were diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine and phosphatidylglycerol, and the major menaquinone was MK-7. The major cellular fatty acids (.5 %) were iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 and anteiso-C 15 : 0 . On the basis of its phenotypic and phylogenetic properties, chemotaxonomic analysis and the results of physiological and biochemical tests, strain GD02
T (5CGMCC 1.12404 T 5KCTC 29149 T ) was designated the type strain of a novel species of the genus Kroppenstedtia, for which the name Kroppenstedtia guangzhouensis sp. nov. is proposed.
The genus Kroppenstedtia, belonging to the family Thermoactinomycetaceae, was proposed by von Jan et al.
(2011) for Gram-positive and aerobic organisms that formed substrate and aerial mycelia and produced chains of arthrospores and heat-resistant endospores. At the time of writing, the genus included only one species, Kroppenstedtia eburnea, which was isolated from a plastic surface in a contract manufacturing organization in southern Germany (von Jan et al., 2011) . Besides the type strain, several more strains of K. eburnea were isolated from multiple patient samples and characterized (Barker et al., 2012) .
During an investigation of the culturable micro-organism population of the soil in an experimental closed greenhouse in Guangzhou, south China, using three common media [tryptic soy agar (TSA), Martin agar and modified Gauze's medium no. 1] at a temperature between 30 and 70 u C, strain GD02 T was isolated from medium TSA at 50 u C. The isolate was then preserved at -80 u C in TSB (tryptic soy broth) supplemented with 15 % (v/v) glycerol.
For determination of its morphological characteristics, strain GD02
T was cultivated on TSA for 3-5 days. Electron micrographs were taken with a JEM 1400 transmission electron microscope (JEOL, Japan) and light microscopic images were collected with 6400 magnification using a Zeiss Axio observer Z1. The Gram reaction was determined by the conventional Gram-staining method (Smibert & Krieg, 1994) . Growth rate comparisons on TSA and BHI (brain heart infusion) agar were performed. Growth conditions were tested at 20-70 uC, with 0.0-9.0 % (w/v) NaCl (in increments of 0.5 %) and at pH 5.5-10.0 (at intervals of 0.5 pH unit). Production of endospores and melanoid pigments was tested as described by von Jan et al. (2011) . Starch hydrolysis and casein hydrolysis were performed as described by Smibert & Krieg (1994) . Gelatin degradation was examined according to von Jan et al. (2011) . Aesculin hydrolysis was determined using nutrient agar with addition of 0.1 % aesculin and 0.05 % ferric citrate. The use of D-glucose, L-arabinose, sucrose, Dxylose, myo-inositol, D-mannitol, D-fructose, rhamnose and raffinose as carbon sources was examined using the carbon utilization medium (Shirling & Gottlieb, 1996) . The utilization of L-alanine, L-arginine, L-serine, L-histidine and L-proline as nitrogen sources was tested in a basal medium (von Jan et al., 2011) . Other biochemical tests including urease and b-galactosidase activity, indole production, 3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain GD02
T is KC311557.
Three supplementary figures are available with the online version of this paper.
Voges-Proskauer reaction and nitrate reduction were performed as described by Dong & Cai (2001) . Except for growth temperature test, all the above experiments were carried out at 50 u C.
Strain GD02
T was Gram-stain-positive and spore-forming, producing both aerial and substrate mycelia. Microscopic examination revealed long, straight to flexuous, moderately branched, septate hyphae, single endospores on unbranched sporophores (Fig. S1 , available in IJSEM Online) and chains of arthrospores (Fig. S2) , as previously reported for K. eburnea (von Jan et al., 2011). Ivorycoloured colonies of this strain had an irregular shape with undulate margin, were inlaid in the agar and difficult to detach. Growth was observed on both TSA and BHI media, but the growth rate on BHI agar was slow. No diffusible pigments were produced on BHI medium. The investigation of melanoid pigment production on tyrosine agar and peptone-iron agar revealed that no melanoid pigments were produced. Growth occurred at 30-60 u C (optimum 50 u C) and at pH 5.5-9.5 (optimum 6.5-7.0). Growth occurred in the presence of 0-3.0 % (w/v) NaCl with optimal growth at 1.0-1.5 % (w/v) NaCl. Gelatin and aesculin were hydrolysed, while casein and starch were not. The tests for carbon source and nitrogen utilization revealed no growth on any of the given substrates. Negative results were observed for urease and b-galactosidase activity, indole production, Voges-Proskauer reaction and nitrate reduction.
Genomic DNA was extracted using a DNA Extraction kit (Aidlab). The 16S rRNA gene was PCR-amplified from genomic DNA using two bacterial universal primers (27f and 1492r; Baker et al., 2003) and gel-purified using Gel Extraction kit D2500-01 (Omega Bio-tek). The PCR product was cloned into a plasmid vector using a TA cloning kit (TaKaRa) and then sequenced. The pairwise sequence similarity was calculated using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Phylogenetic analysis was carried out using MEGA version 4.0 (Tamura et al., 2007) after multiple alignment of the sequence data with CLUSTAL X (Thompson et al., 1997) . Distances were calculated using distance options according to Kimura's two-parameter model (Kimura, 1980) and clustering was performed with the neighbour-joining method (Saitou & Nei, 1987) . Statistical support for the branches of phylogenetic trees was determined using bootstrap analysis (based on 1200 resamplings) (Felsenstein, 1985) . The root position was estimated by using the sequence of Bacillus fortis DSM 16012
T as an outgroup.
An almost complete 16S rRNA gene sequence (1473 nt) was determined for strain GD02 T . Phylogenetic analysis based on 16S rRNA gene sequence revealed that strain GD02
T was most closely related to K. eburnea DSM 45196 T (96.1 % 16S rRNA gene sequence similarity) with a high bootstrap of 100 %, and shared less than 95 % 16S rRNA gene sequence similarity with other species in family Thermoactinomycetaceae. Given the low levels of 16S rRNA gene sequence similarity (,97 %) between strain GD02 T and its phylogenetic neighbours, DNA-DNA hybridization studies were not carried out. In the neighbour-joining phylogenetic dendrogram based on 16S rRNA gene sequences (Fig. 1) , strain GD02 T formed a subclade together with K. eburnea DSM 45196 T . It was clear from the phylogenetic analysis based on 16S rRNA gene sequence that the new isolate belonged to the genus Kroppenstedtia and represented a distinct phyletic line that can be considered as a separate genomic species.
The DNA G+C content was determined by HPLC according to the method of Mesbah et al. (1989) . For cellular fatty acid analysis, cells of strains GD02
T and DSM 45196 T were grown in TSB at 45 u C to late exponential phase and fatty acids were saponified, methylated and extracted using the standard protocol of MIDI (Sherlock Microbial Identification System, version 6.0B). The fatty acids were analysed with GC (Agilent Technologies 6850) and identified using the TSBA6.0 database of the Microbial Identification System (Sasser, 1990) . Respiratory quinones were extracted according to Collins et al. (1977) and analysed with HPLC (Agilent 1260) as described by Tamaoka et al. (1983) . Polar lipids were extracted, separated by two-dimensional TLC and identified according to Minnikin et al. (1984) . For detection of isomers of diaminopimelic acid, whole-cell hydrolysates were examined by TLC on cellulose plates using the solvent system of Rhuland et al. (1955) .
The G+C content of the genomic DNA of strain GD02
T was determined to be 56.3 mol%. The quinone system of strain GD02
T contained MK-7 as the major fraction (98.6 %) and MK-8 as the minor fraction (1.4 %). The major cellular fatty acids (.5 %) were iso-C 15 : 0 (63.5 %), iso-C 16 : 0 (12.6 %), iso-C 17 : 0 (8.0 %) and anteiso-C 15 : 0 (7.1 %); the detailed cellular fatty acids profile is shown in Table 1 . Analysis of cell-wall components revealed that strain GD02
T contained LLdiaminopimelic acid as the diamino acid. The polar lipid pattern consisted of diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidyglycerol and unknown phospholipids (Fig. S3) . The above chemotaxonomic results were in accordance with the main features of the genus Kroppenstedtia (von Jan et al., 2011) .
Several phenotypic and chemotaxonomic characteristics, besides the phylogenetic analysis based on 16S rRNA gene sequences, support strain GD02
T to be a member of the genus Kroppenstedtia. However, strain GD02
T can be separated from K. eburnea by its low 16S rRNA gene sequence similarity (only 96.1 %), its physiological and biochemical characters (higher growth temperature and pH tolerance than strain DSM 45196 T , as shown in Table  2 ), and chemotaxonomic features (higher DNA G+C content; greater proportion of iso-C 15 : 0 and iso-C 16 : 0 and lower proportion of C 14 : 0 and C 16 : 0 , as shown in Table 1 ). On the basis of these data, strain GD02
T represents a novel species of the genus Kroppenstedtia, and the name Kroppenstedtia guangzhouensis sp. nov. is proposed.
Description of Kroppenstedtia guangzhouensis sp. nov.
Kroppenstedtia guangzhouensis (guang.zhou.en9sis. N.L. fem. adj. guangzhouensis of or pertaining to Guangzhou, a city in south China, from which the type strain was isolated).
Cells are aerobic and Gram-stain-positive. Ivory-coloured colonies have irregular shape with undulate margin, and are inlaid in the agar and difficult to detach. Substrate and aerial mycelia are formed, both producing chains of arthrospores and heat-resistant endospores. Thermotolerant growth occurs between 30 and 60 u C, at pH 5.5-9.5 and in the presence of 0-3.0 % NaCl (w/v). No diffusible pigments are produced on BHI medium and no melanoid pigments are produced on peptone-iron agar. Gelatin and aesculin are hydrolysed, while casein and starch are not. Urease and bgalactosidase activity, indole production, Voges-Proskauer reaction and nitrate reduction are negative. Cell growth does not occur using D-glucose, L-arabinose, sucrose, D-xylose, myo-inositol, D-mannitol, D-fructose, rhamnose or raffinose as carbon source, or using L-alanine, L-arginine, L-serine, Lhistidine or L-proline as nitrogen source. The predominant quinone is menaquinone MK-7, and the main polar lipids are diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine and phosphatidyglycerol. The cell wall of strain GD02
T contains LL-diaminopimelic acid as the diamino acid. The major cellular fatty acids (.5 %) are iso-C 15 : 0 , iso-C 16 : 0 , iso-C 17 : 0 and anteiso-C 15 : 0 .
The type strain, GD02
T (5CGMCC 1.12404 T 5KCTC 29149 T ), was isolated from soil in Guangdong Province, PR China. The DNA G+C content of the type strain is 56.3 mol%.
